Fluorescamine, which can label surface components of cells grown as monolayers in culture, has been used to probe alterations in chicken embryo fibroblasts infected with a temperature-sensitive mutant of Rous sarcoma virus, Prague A, LA24. The fluorescence of bound fluorescamine on cells at the permissive temperature (350) was found to be about 1/3 that of cells cultured at the nonpermissive temperature (410). During development of the transformed phenotype, i.e., after transfer of the cells from 410 to 350, the decrease in surface fluorescence was observed to be an early event, occurring within the first 44 hr after temperature shift. This alteration took place on a time scale similar to that of changes in 2-deoxyglucose transport and an increased rate of DNA synthesis, but before any major morphological changes. The change was related to cell transformation rather than to growth differences of the cells at the two temperatures. Further, it was found that fluorescamine was not monitoring the loss of LETS glycoprotein from the surface or the loss of any other surface components that could be detected by lactoperoxidase-catalyzed iodination of surface proteins. When fluorescamine-labeled components were resolved by polyacrylamide gel electrophoresis, significant differences were seen between components from cells cultured at 350 compared with those from cells cultured at 41°. Based on these results, possible mechanisms accounting for the fluorescence differences are suggested.
Transformation of cells in culture by oncogenic agents leads to a wide range of changes in cellular properties, including loss of growth control, altered morphology, increased mobility of surface lectin receptors, and changes in cytoskeletal organization. Considerable evidence has suggested that alterations in the cell surface may be responsible for many of these observations (1) (2) (3) . This has encouraged investigations into the molecular organization of the cell surface and characterization of changes that occur upon transformation. Previous work in this laboratory has involved the use of fluorescamine to probe the surfaces of normal and transformed cells (4) (5) (6) . This reagent reacts with primary amines to give fluorescent adducts, and under controlled conditions can be used to label intact cells growing as monolayers in culture. Fluorescence measurements of total bound fluorescamine on various cells transformed by RNA viruses, DNA viruses, or chemical carcinogens have demonstrated that transformed cells exhibit considerably lower fluorescence intensities than their normal counterparts (6) .
In this study we have examined this particular surface alteration in chicken embryo fibroblasts infected with a temperature-sensitive mutant of Rous sarcoma virus, LA24, a mutant of Prague A strain. The use of a temperature-sensitive virus has allowed the actual development of the transformed state to be monitored after transfer of infected cells from the nonpermissive temperature (410) to the permissive temperature (350) . We have correlated the fluorescamine-monitored change
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertusenent" in accordance with 18 U. S. C. §1734 solely to indicate this fact. 3703 with several parameters of the transformed state, with particular emphasis on its relationship to surface protein and glycoprotein changes that have been reported previously. Our approach has been to label cells with fluorescamine at various times after transferto the permissive temperature and to examine alterations in morphology, thymidine incorporation, and 2-deoxyglucose uptake (7) as a measure of the development of the transformed state. We have also examined the relationship of the change monitored by fluorescamine to alterations in cell growth, and have examined which cellular components are labeled at the permissive and nonpermissive temperatures.
MATERIALS AND METHODS
Cell Culture. Chicken embryo fibroblasts were prepared and cultured as described (8) . Primary cultures were infected with virus (LA24) by addition of 3.5 X 106 focus-forming units to approximately 5 X 105 cells in each 100-mm culture dish. The cells were maintained at 390 until secondary seeding (2 X 106 cells per 100-mm dish), when they were transferred to 410. Tertiary cells were seeded at 5-7 X 105 cells per 60-mm dish and maintained at 410 until the beginning of the experiment. Uninfected cells were treated in a similar manner. The cells were usually cultured in medium 199 supplemented with 2% tryptose phosphate broth, 2% calf serum, 1% heated chicken serum, and 0.1% glucose. For experiments using slowly growing cells, tertiary cultures were seeded in medium 199 supplemented with 0.5% heated chicken serum and 0.1% glucose. Infected cells were fed daily by addition of 0.5 ml of supplement (70% tryptose phosphate broth/2% glucose/0.75% sodium bicarbonate) to 5 ml of medium. Four hours before temperature shift, all cultures (normal and infected) were fed with 0.5 ml of supplement per 5 ml of medium.-Virus Cloning. A cloned stock of virus was obtained by selecting a single colony of transformd cells in agar. Virus was collected from the cells by replacing the medium every 2 hr with 2 ml of fresh medium.
Labeling of Cells with Fluorescamine. Cells were labeled as described (4) . Labeling mixture (2 ml) (500 ,gg of fluorescarnine per ml/0.5% acetone/0.2 M sodium borate, pH 9.0) was added to cells in 60-mm plates, which were shaken gently for 30 sec. The label was removed rapidly and the monolayers were washed and solubilized in 67 mM sodium borate, pH 9.0/2% sodium dodecyl sulfate (NaDodSO4 Gel Electrophoresis. The procedure of Laemmli was used (11) . When iodinated components were separated by this technique, gels were dried immediately after electrophoresis and band positions were identified by autoradiography on Kodak SB 54 x-ray film.
Analysis of Fluorescamine-Labeled Components by NaDodSO4/Polyacrylamide Gel Electrophoresis. Monolayers of cells were labeled with fluorescamine. The labeled components were solubilized at room temperature in 50 ud of 67 mM borate, pH 9/2% NaDodSO4 (60-mm culture dishes). Insoluble material was removed by centrifugation. The sample was then adjusted to 5% 2-mercaptoethanol/5% glycerol and heated at 1000 for 2 min. Samples (50-80 Al) were loaded onto 1.5-mm slab gels and electrophoresed at 15 mA/gel for 10-15 hr. Fluorescent bands were identified and recorded by photographing the gel under UV light. The gel was illuminated from above with two UV lamps (Blak ray, model XX-15, UV Products, Inc.) positioned about 18 inches (45.7 cm) away from the gel. In later studies a light box (with filter CS 7-54, Corning Glass Co.) was also used in conjunction with the overhead lighting. The gels were photographed with Kodak Process Contrast Ortho film with a 3-69 filter (Corning Glass Co.).
Isolation.of LETS Glycoprotein and Preparation of Anti-LETS Antiserum. The method of Yamada et al. was used (12) with the following modifications to minimize proteolytic degradation. Monolayers were washed initially with Hanks' buffer containing freshly added 3 mM phenylmethylsulfonyl fluoride, and then extracted for 1 hr with medium 199 containing phenylmethylsulfonyl fluoride (3 mM), tosyllysylchloromethyl ketone (50 jig/ml), tosylphenylalanylchloromethyl ketone (50 jsg/ml), and e-amino-caproic acid (1 mg/ml).
Monolayers were subsequently extracted twice for 1-hr periods with fresh medium containing inhibitors and 1 M urea. The proteolytic inhibitors were added just before use. The two 1-hr urea extractions were pooled and treated as reported (12) . LETS glycoprotein was finally purified by preparative NaDodSO4/ polyacrylamide gel electrophoresis. This protein was extracted after the gel band containing LETS was frozen in liquid nitrogen, and ground to a fine powder; the particles were then shaken in 25 mM Tris glycine, pH 8.3/0.1% NaDodSO4. The eluted protein was dialyzed against 0.2 M ammonium bicarbonate and concentrated by lyophilization. In order to raise an antiserum against LETS, we dissolved the lyophilized material in a small volume of water and then treated it with AlCl3 to precipitate the NaDodSO4-protein complex (13 tained at 410 from the time of plating. These changes occurred with similar kinetics and were independent of the time after plating when the temperature was shifted (Fig. lA-C) . Normal uninfected cells did not demonstrate any of these alterations upon temperature shift (Fig. iD) . In this experiment the fluorescence values of labeled normal cells differed from those of the virus-infected cells. This may be a consequence of the infection process itself or the experimental variability discussed above.
Changes in Cell Morphology and 2-Deoxyglucose Uptake after Temperature Shift. In order to assess the development of the transformed state, cell morphology was monitored at various times after shift to 350 (Fig. 2) .
In addition to morphological changes, another characteristic feature of transformed chicken embryo fibroblasts is that they exhibit a higher rate of 2-deoxyglucose uptake than normal cells. The rate of uptake by cells grown at 410 was monitored at various times after shift to 350; within 8 hr it increased to the level of cultures maintained at 350 from the time of plating. This change was reversible, and the rate of uptake in cells initially plated at 350 fell rapidly when cells were transferred to 41°, as reported previously (7) (Fig. 3) .
Thus, the changes that were detected by the use of fluorescamine took place on a similar time scale to changes in 2-deoxyglucose uptake but prior to major morphological changes.
Changes in Thymidine Incorporation after Shift to Permissive Temperature. Cells were maintained at low serum concentrations to decrease their growth rate. On transfer from 410 to 350, these cells exhibited an increased rate of DNA synthesis, as shown by thymidine incorporation into the acidprecipitable fraction (Fig. 4A ). This change occurred within the first 8 hr after temperature shift. The early peak in the rate 4 of DNA synthesis in the control cultures, which were kept at 410 throughout the experiment, was probably a consequence of feeding the cultures just before temperature shift.
When these slowly growing cells were labeled with fluorescamine at various times after downward temperature shift, a decrease in fluorescence was observed which was similar to that found in rapidly growing cultures. By 4-8 hr after shift, the fluorescence of labeled cells at 350 was about one-third that of the 410 control cultures (Fig. 4B) . Thus, the change monitored by fluorescamine took place on the same time scale as the increased rate of DNA synthesis.
Relationship of Fluorescamine-Detected Changes to Growth Rates. Growth rates were estimated for both uninfected cultures and cells infected with LA24 at 410 and at 350. At 350 both infected and uninfected cells increased in number at a slower rate than at 41°, but at neither temperature did the infection process affect the growth rate (Fig. 5) . Since time of the film, demonstrating that no band had saturated the film. The quantity of radioactive label in LETS glycoprotein was measured directly by cutting out the band from the gel and estimating the bound 125I with a gamma counter. (14) have reported earlier loss of LETS protein from the cell surface 8-24 hr after shift. This may be a consequence of using different clones of the virus and also of differences in experimental procedure. However, even in their system, the loss of LETS protein occurred later than the change monitored by the fluorescamine. (f) Analysis of fluorescamine-labeled components by NaDodSO4/polyacrylamide gel electrophoresis revealed significant differences in the distribution of fluorescamine in cells cultured at 350 compared with those cultured at 410. Moreover, for cells cultured at 41°, most of the major fluorescent bands lined up with those stained with Coomassie blue. Since many of the Coomassie blue-stained proteins are probably intracellular, it is possible that for cells cultured at 410 fluorescamine labels not just surface components, but some intracellular components as well.
Many of the major fluorescamine-staining polypeptides of cells cultured at 410 migrate with the mobilities of cytoskeletal components. It has been postulated that there is an intimate relationship between cytoskeletal and plasma membrane components (15) . It is conceivable, therefore, that in normal cells fluorescamine labels those proteins that are close to the surface. The possibility that fluorescamine may be labeling other components deeper in the cytoplasm is in conflict with earlier suggestions that fluorescamine exclusively labeled membrane components (4, 5) . Factors that may contribute to this discrepancy are differences in the labeling procedure and enhanced sensitivity of detection procedures.
The distribution of fluorescamine in cells cultured at 350 is consistent with labeling primarily of surface components. A possible interpretation of this is that the differences in labeling of normal and transformed cells are related to the presence of a barrier on the surface of transformed cells that prevents the entry of fluorescamine into the cytoplasm. It is conceivable that this barrier could take the form of some reactive molecules on the surface that form nonfluorescent products with fluorescamiine or, alternatively, it could be some feature that influences the partitioning of fluorescamine into the membrane lipid.
